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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
1.1 Overview  
 
An explosive growth of the wireless radio communication systems is currently 
observed in the microwave band. In the short range communications or contactless 
identification systems, multiband antenna has been playing a very important role for  
wireless  service  requirements [1].   Wireless  local  area network  (WLAN)  and  
Worldwide  Interoperability  for Microwave  Access  (WiMAX)  have  been  widely  
applied  in mobile devices such as handheld computers and intelligent phones. These 
two techniques have been widely considered as a c o s t -effective,   viable,   and   
high-speed   data   connectivity solution, enabling user mobility [2]. 
Microstrip patch antennas [3],  are popular in wireless communication, 
because they have some advantages due to their conformal and simple planar   
structure. They allow all the advantages of printed -circuit technology. There are 
varieties of patch structures available but the rectangular, circular and triangular 
shapes [3], are most frequently used. Design of WIMAX antennas also got popularity 
with the advancement of microstrip antennas.  
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 WiMax [4] (Worldwide Interoperability for Microwave access) has three 
allocated frequency bands. The lower band (2.5 -2.69 GHz), the middle band (3.2-3.8 
GHz) and the upper band (5.2-5.8 GHz) [4]. 
Moreover a large number of microstrip patches to be used in wireless 
applications have been developed [5] . The rapid progress in wireless communications 
requires the development of lightweight, low profile, single feed antennas. Also it is 
highly desirable to integrate several RF modules for different frequencies into one 
piece of equipment. Hence, multiband antennas that can be used simultaneously in 
different standards have been in the focus points of many research projects [6]. 
Portable devices are widely used in our daily lives such as mobile phones, laptops 
with wireless connection [7]. 
The main goal of this work is to reduce the size of the antenna very effectively 
and for the size reduction a slot and semi ellipse were introduced to the conventional 
antenna. This work achieves more size reduction in comparison to simpler structure. 
The proposed antenna structure in this project can be used for Wi-MAX and 
microwave C band applications. 
The first design of patch antenna is by designing simple structure microstrip  
antenna, which is designed for some narrow-band applications. The second design is to 
develop this simple antenna into compact dual band with triple frequency operation.  
 
Last but not least, computer simulation software, CST will be used to design and 
simulate the antenna. The CST is capable to generate antenna design simulation faster 
compared to Microwave Office and be able to draw a 3-D antenna configuration. 
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1.2 Problem Statement  
 
In recent years, demand for small antennas on wireless communication has increased 
the interest of research work on compact microstrip antenna design among microwave 
and wireless engineers [8].  
The development of antenna for wireless communication  requires an antenna 
with more than one operating frequency.  This is due to many reasons, primarily 
because of various wireless communication systems and many telecommunication 
operators use various frequencies. Therefore one antenna that has multiband 
characteristic is more desirable than having one an tenna  for  each frequency band. 
In some applications like WIMAX and C band Applications; a multiband 
characteristic antenna is required. In the previous work in order to achieve that 
characteristic, some techniques like cross slots [8], sorting pins, increasing the 
thickness of the patch [9], use of circular and triangular patches with proper slits [7] 
and antenna arrays were proposed. But these methods have their own demerits like 
complexity in design and degrading some effectiveness of the parameters of the 
antenna. 
However, in order to achieve multiband antenna characteristics which is suitable 
for WIMAX and C band applications; it is proposed to introduce semi elliptical shape at 
the top of the antenna. The advantages of this technique compared to previous 
techniques is simple to design and makes the antenna compact. But some antenna 
characteristics will be degraded by using this technique. Therefore, in order to improve 
the antenna performance another technique is proposed which is by loading a proper  
slot at the center of the antenna. Hence, at the end of the project it’s expected to achieve 
a multiband antenna with improved performance.  
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1.3 Objectives of Project  
 
The objectives of this project are: 
I. To design and develop triple band frequency compact rectangular microstrip 
patch antenna for WIMAX, fixed service satellite and Microwave  C band 
applications. 
II. To investigate and analyze the electrical and geometrical properties of the 
compact triple band rectangular  microstip patch antenna.   
III. To fabricate the compact triple band rectangular  microstrip patch antenna and 
test the performance of the antenna experimentally. 
 
 
1.4  Motivation 
 
Use of conventional microstrip antenna is limited because of their poor gain, 
low bandwidth and polarization purity. There has been a lot of research in the past 
decade in this area.  
These techniques include use of cross slots and sorting pins, increasing the 
thickness of the patch, use of the circular and triangular patches with proper slits and 
antenna arrays. Various feeding techniques are also extensively studied to overcome 
these limitations.  
This work is primarily focused on multi band frequency operation of  microstrip  
patch  antennas.  Multi frequency operation of the antenna has become a necessity for 
many applications in recent wireless communication systems. 
 
 
 
 
5 
 
 
 
 
1.5 The Scopes of The project  
 
This project focuses four major components to fulfill the objectives of the project, 
which represent as follows: 
I. The frequency operation of this compact antenna is from 2GHz to 8GHz, 
which is the S and C-band frequency ranges. Also the resonant frequency of 
the conventional antenna is selected as 2.5 GHz. 
II. Antenna characteristics such as S11, gain, radiation efficiency, radiation 
pattern and 3 dB beam width will be discussed in this project. Antennas are 
defined by several parameters according to their constitution and shape. 
III. The antenna will be simulated by using CST microwave studio. This software 
is chosen because it is a specialist tool for the 3D EM simulation of high 
frequency components. 
IV. The compact microstrip patch antenna will be tested by using Network 
Analyzer. 
V. Result analysis of radiation pattern will be limited to simulation measurement 
only. 
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1.5 Thesis Outline 
This thesis is divided into 4 main chapters and the reference section.  
Chapter I discusses about the introduction, problem statement, objectives and 
scope of the project. 
Chapter 2 briefs literature studies of the microstrip antenna in order to get its 
basic fundamental. The main aspects of the microstrip antenna such as its structure 
configuration, radiation mechanism, polarization, feeding techniques, method of 
analysis etc are covered. Previous researches related with the project also presented in 
this chapter. 
Chapter 3 describes the design procedure of single band, and triple band 
Rectangular Microstrip patch antenna using coaxial feeding technique. The designing 
and simulation using CST  Microwave Studio of rectangular microstrip patch antenna 
is done and simulation results are presented, the fabrication procedure of the antenna 
and various instruments used for antenna fabrication The snap shots of the fabricated 
antenna are also given in this chapter. This chapter also describes some techniques to 
improve the compactness off the microstrip patch antenna using slots.  
 
 
Chapter 4 analysis the results of the proposed antenna such as return loss(dB), 
radiation pattern, gain and radiation efficiency. Also the comparison of the simulated 
and measured results is presented in this chapter. 
 
Chapter 5 gives  the  conclusion to  this  thesis  and the  future  work  
continued antenna design by  using a  different structure  configuration, the  use of 
different dielectric substrate material as well as combination of different substrate in 
one structure. 
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CHAPTER II 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
Multi-band wireless communications offers a fundamentally different approach to 
wireless communications compared to conventional narrow band systems. Global 
interest in the technology is huge. Multi-band has piqued a surge of interest in antenna 
design by providing new challenges and opportunities for antenna designers. The main 
challenge in multi-band antenna design is achieving the wide bandwidth while 
maintaining high gain, high radiation efficiency and good axial ratio over a desired 
frequency range.  
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Microstrip patch antennas are good candidate for multi-band wireless 
communications because of their low profile, light weight, low price, compactness and  
mass productivity [10], also they can support both linear and circular polarizations and 
they can accept for dual and triple frequency operations. 
 
 
2.2 Microstrip Patch Antenna 
 
The idea of microstrip antenna was first proposed by Deschamps in 1953 [11] and a 
patent in 1955. However, the first antenna was developed and fabricated during the 
1970’s when good substrates became available [11, 12]. Microstrip antenna is also 
referred as a patch antenna. Microstrip patch antenna consists of a radiating patch on 
one side of a dielectric substrate and a ground plane on the other side as shown in 
Figure 2.1. The patch is generally made of a conducting material such as copper or gold 
and can take any possible shape.  
 
  Figure 2.1 Basic microstrip patch antenna [12] 
 
 There are several shapes that can be used as the radiating patch. The radiating 
patch may be square, rectangular, thin strip (dipole), circular, elliptical, triangular, 
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combination of these shapes or any other configuration [12]. Every shape has its own 
characteristics but square, rectangular, and circular are the most common configurations 
because of their easier analysis and fabrication. 
2.3 Advantages and Disadvantages of Microstrip Antennas 
The microstrip patch antenna has several advantages that proved to be an excellent 
radiator for many applications. But it also has some disadvantages. Even though the 
microstrip patch antenna suffers several disadvantages its many advantages have made 
it suitable to be used in wireless applications. 
 
 
2.3.1   Advantages 
i) They are lightweight, low volume and thin profile configuration. These 
make them to be easily incorporated into any package. 
ii) Low profile planar configuration that can be easily made conformal to host 
surface; which fits the shape design and needs of modern communication 
equipment. 
iii) They can be made compact for use in personal mobile communication. 
iv) The microstrip antenna shape flexibility enables mounting them on a rigid 
surface which makes them mechanically robust. 
v) Using printed-circuit technology leads to a low fabrication cost hence can be 
manufactured in large quantities.  
vi) Supports both linear polarization and circular polarization.  
 
vii) They accept for dual and triple frequency operations. 
 
viii) Can be easily integrated with microwave integrated circuits (MICs) on the 
same substrate.  
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2.3.2     Disadvantages 
i) Narrow bandwidth; 
ii) They can only be used in low power applications and low power handling 
capability. 
iii) Relatively poor radiation efficiency - radiate only in half-space. 
iv) High losses resulting from surface wave excitation, conductor and dielectric 
losses.  
 
 
2.4 Feeding Techniques  
The following feeding techniques are used for patch antennas, 
• Microstrip transmission-line feed 
• Aperture coupling feed 
• Coaxial probe feed 
• Proximity coupling feed 
These methods can be contacting or non-contacting. Contacting methods involve direct 
contact between the transmission line and the radiating surface. The non-contacting 
methods use electromagnetic field coupling to transfer the power to the patch [13]. 
 
2.4.1 Microstrip transmission-line feed 
 
A microstrip feed line is a strip that is much narrower than the patch. This feed is very 
easy to fabricate and easily matched by controlling the inset position [14]. The feed is 
connected to one side of the patch. The transmission-line and the patch are made from 
the same material. 
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Figure 2.2: Patch with feed line [15] 
 
2.4.2 Aperture coupling feed 
Aperture coupling is more difficult to fabricate and leads to narrow band-width. The 
geometry consists of two substrates separated by a ground plane. The bottom side of the 
substrate is fed by a transmission-line and the energy is coupled to the patch through a 
slot [14].  
The substrate on top has a low dielectric constant while the bottom substrate is a higher 
material with a non-contacting feed. By controlling the length of the slot or the width of 
the transmission-line, matching is performed. 
 
 
Figure 2.3: Aperture-coupled feed [15] 
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2.4.3 Coaxial probe feed 
The coaxial probe feed has a narrow bandwidth. It consists of two conductors. The outer 
conductor is connected with the ground plane while the inner conductor is connected to 
the radiating patch. Coaxial probe feed is easy to fabricate and match. It is very difficult 
to model for thick substrates. 
 
 
Figure 2.4:  Top and side view of coaxial feeding [15] 
 
2.4.4 Proximity coupling feed 
 
In proximity coupling, the microstrip line is placed between two substrates. The upper 
substrate has a radiating patch on top. It is easy to model but difficult to fabricate. The 
bandwidth of the proximity coupling feed is very large. This coupling is capacitive and 
has low spurious radiation. 
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. Figure 2.5: Proximity-coupled Feed [15] 
 
2.5 Transmission Line Model Analysis. 
The patch and ground-plane are separated by a dielectric. The patch conductor is 
normally copper. The patches are usually photoetched on the dielectric substrate. The 
substrate is usually non-magnetic. The relative permittivity of the substrate is normally 
in the region between 1 and 4, which enhances the fringing fields [16]. 
The rectangular patch is characterized by its length L, width w and thickness h, as 
shown in Figure 2.6 below. 
 
 
Figure 2.6 A rectangular microstrip patch antenna showing fringing fields that account 
for radiation 
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The inner conductor of the coaxial-line is connected to the radiating patch, while the 
outer conductor is connected to the ground-plane, as shown in Figure 2.7 below 
 
 
 
Figure 2.7  A patch excited using coaxial probe 
 
An effective dielectric constant (ε reff ) must be obtained in order to account for the 
fringing and the wave propagation in the line. The value of ε reff is slightly less then ε r 
because the fringing fields around the periphery of the patch are not confined in the 
dielectric substrate but are also spread in the air. It can be expressed by[13]: 
 
 
2
1
121
2
1
2
1











w
hrr
reff

              (2.1) 
Where  
ε reff  = Effective dielectric constant 
εr        = Dielectric constant of substrate 
h      = Height of dielectric substrate 
W    = Width of patch 
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For a given resonance frequency fo, the effective length is given by [13]: 
refffo
c
Leff
2
                (2.2) 
The fringing fields along the width can be modeled as radiating slots and electrically the 
patch of the microstrip antenna looks greater than its physical dimensions. The 
dimensions of the patch along its length have now been extended on each end by a 
distance, ΔL. 
 The ΔL can be expressed as [13]: 
 
ΔL = 0.412h 
 
 



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




















8.0
264.0
258.0
3.0
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W
h
W
reff
reff


            (2.3 
 
The effective length of the patch Leff now becomes: 
Leff = L + 2 ΔL                                                                                               
Where 
ΔL   = Length due to fringing effects 
L      = Length of patch 
Leff = Effective length of the patch 
h      = Height of dielectric substrate 
W    = Width of patch 
ε reff  = Effective dielectric constant 
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For efficient radiation the width, W is given by[13]: 
 
2
1
2


r
fo
c
W

               (2.4) 
 
2.6     Technology Development 
 
2.6.1 Application: WiMAX 
 
WiMAX [4] is short for Worldwide Interoperability for Microwave Access. It is a 
metropolitan wireless standard created by the Intel and Alvarion in 2002 and ratified by 
the IEEE (Institute of Electrical and Electronics Engineers) under the name IEEE-
802.16. More precisely, WiMAX is the commercial designation that the WiMAX 
forum gives to devices which conform to the IEEE 802.16 standard, in order to ensure a 
high level of interoperability among them. 
    
2.6.2    Application: Radar 
 
Radar [5] stands for Radio Detection and Ranging and is, perhaps, more familiar than 
any other transmitter-receiver systems. Since radars are used for weather prediction, 
civilian aircraft guidance as well as military and police work, radar is household work. 
In that regard, radar could operate at any frequency and the functions of the radar also 
influence the choice of frequency. Generally conventional radars operate within the 
microwave frequency bands as shown in Table 2.1 below 
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Table 2.1: Radar Frequency Bands and General Usage [6]. 
Band Designation Frequency Range General Usage 
VHF 50-300 MHz Very Long-Range Surveillance 
UHF 300-1000 MHz Very Long-Range Surveillance 
L 1-2 GHz Long-Range Surveillance 
Enroute Traffic Control 
S 2-4 GHz Moderate Range Surveillance 
Terminal Traffic Control 
Long-Range Weather 
C 4-8 GHz Long-Range Tracking 
Airborne Weather Detection 
X 8-12 GHz Short Range Tracking 
Missile Guidance 
Mapping 
Marine Radar 
Airborne Intercept 
Ku 12-18 GHz High Resolution Mapping 
Satellite Altimetry 
K 18-27 GHZ Water Vapor Absorption 
Ka 27-40 GHz Very High Resolution Mapping 
Airport Surveillance 
Millimeter 40-100 + GHz Experimental 
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2.7 Previous Work 
 
This chapter gives a detailed review of different technologies and designs adopted by different 
researchers in the case of printed antennas for compact and multiband applications. Recent 
developments in antenna design for mobile and WLAN applications have been referred. 
Different techniques for broadband and multiband designs that have been reported recently are 
also highlighted. A number of papers on compact multiband antennas are reviewed here. 
 
2.7.1 Antennas for mobile/WLAN applications 
 
Wireless communications have progressed very rapidly in recent years, and  many mobile 
units are becoming smaller and  smaller. To meet the miniaturization   requirement,   
compact   antennas   are   required.   Planar printed antennas have the attractive features of low 
profile, small size and conformability to mounting hosts. They are very promising candidates 
for satisfying the above applications. For this reason, compact and broadband design 
techniques for planar antennas have attracted much attention from antenna researchers.  
Very recently, especially after the year 2000, many novel planar antenna designs to satisfy 
specific bandwidth specifications of present-day mobile cellular communication systems, 
including the global system for mobile communication (GSM: 890–960MHz), the digital 
communication system  (DCS: 1710–1880MHz), the personal communication system (PCS: 
1850–1990MHz), and the universal mobile telecommunication system (UMTS: 1920–
2170MHz), have been developed and published in the open literature.  
Planar antennas are also very attractive for applications in communication devices for wireless 
local area network (WLAN) systems in the 2.4GHz (2400–2484MHz) and 5.2GHz (5150–
5350MHz) bands. In this section some of the works related to the mobile and WLAN 
applications have been referred and discussed. 
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Jen Yea Jan et al. [17] proposed a microstrip fed dual band planar monopole  antenna  with  
shorted  parasitic  inverted  L  wire  for  2.4/5.2/5.8 WLAN bands. In this design inverted L 
shaped monopole is the exciting element and which controls the higher frequency. Another 
shorted inverted L shaped parasitic strip etched nearer to the monopole controls the lower 
frequency. 
Wong et al. [18] presented a low-profile planar monopole antenna for multiband operation of 
mobile handsets. The proposed antenna has a planar rectangular radiating patch in which a 
folded slit is inserted at the patch’s bottom edge. The folded slit separates the rectangular 
patch into two sub patches, one smaller inner sub patch encircled by the larger outer one. The 
proposed antenna is then operated with the inner sub-patch resonating as a quarter-wavelength  
structure  and  the  outer  one  resonating  as  both  a quarter-wavelength and a half-wavelength 
structure. 
A multiband folded planar monopole antenna has been proposed for mobile handset by Shun-
Yun Lin [19]. This paper introduces a folded planar monopole antenna, which has a very low 
profile of about one twentieth of the wavelength of the lowest  operating frequency. The 
effect  is achieved  by using  a  bended  rectangular  radiating  patch  and  an  inverted  L-
shaped ground plane. 
In another attempt Ching Yuan Chiu et al. [20] proposed a shorted, folded planar monopole 
antenna for dual-band mobile phone. The antenna is fabricated from stamping a single metal 
plate, which is then folded onto a foam base. The antenna has two separate branches of 
different sizes: the larger one supports a longer resonant path (path1) for generating a lower 
mode for GSM operation, while the smaller one provides a shorter resonant path (path2) for 
generating a higher mode for DCS operation. 
Jan  and Kuo  [21] discussed  a CPW-fed  wideband  planar  monopole antenna with a 
symmetrically slope ground plane. Antenna has an impedance bandwidth of 1162 MHz extends 
from 1700MHz to 2862 MHz, which covers DCS, PCS and Bluetooth bands.  
In this case wideband operations can be controlled by choosing the slope angle of the 
symmetrical ground plane. 
Liu and  Hsu [22] proposed  a Dual-band  CPW-fed  Y-shaped  monopole antenna for 
PCS&WLAN application. In this paper a rectangular notch is introduced to expand the 
impedance bandwidth of a dual-band planar monopole antenna.  The antenna is fed by a CPW 
line and resembles the shape of the letter ‘Y’. Antenna exhibits 14.4% and 34.1% bandwidths for 
the lower (1.95GHz) and upper (5.45GHz) bands which covers PCS and WLAN bands. 
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Yacouba Coulibaly et al. [23] presented a broadband CPW fed printed monopole antenna. 
This configuration comprise of a coplanar waveguide fed monopole antenna with two parasitic 
strips placed symmetrically on both sides of the monopole. The two parasitic strips adds 
capacitive coupling and hence improves the impedance bandwidth to 47% with center 
frequency 2.35GHz . 
Cho et al. [24] proposed a PIFA configuration for 2.4/5GHz applications. This  configuration  
offers  110MHz   bandwidth  in  bluetooth  band   and 900MHz in WLAN band. 
Hao Chun Tung et al. [25] proposed  a printed  dual band  monopole antenna for 
2.4/5.2GHz WLAN access point. The trident monopole antenna comprises a central arm for 
the 2.4 GHz band (2.4–2.484GHz) operation and two side arms for the 5.2 GHz band (5.15–
5.35GHz) operation. 
A compact dual band planar branched monopole antenna has been proposed by Suma et al. 
[26] for DCS/2.4GHz WLAN Application. The two resonant modes of the proposed antenna 
are associated with various lengths of the monopoles, in which a longer arm contributes for the 
lower resonant frequency and a shorter arm for higher resonant frequency. 
Raj et al. [27] discussed a compact dual band coplanar antenna for WLAN application. The 
antenna comprises of a rectangular center strip and two lateral strips printed on a dielectric 
substrate and excited using a 50Ω microstrip transmission line. The lower resonant frequency 
of the antenna is due  to  a  “U”  shaped  resonant  path  on  the  center  strip  and  the  upper 
resonant frequency is obtained due to the width of the center strip, corresponding to a half 
wavelength variation in substrate. 
Jeun-Wen Wu et al. [28] proposed a planar meander-line antenna consisting of three branched 
strips for very-low-profile GSM/DCS/PCS/WLAN triple-band  operation of mobile phones. 
The branch strips are designed to operate as quarter-wavelength structures at 900 and 1800 
MHz, respectively, and covering GSM/DCS/PCS and WLAN bands. 
Yong  Sun  Shin  et  al. [29]  developed  a  broadband  interior  planar monopole type antenna 
for hand set applications. The antenna is suitable to be built-in within the housing of a 
mobile phone. In order to achieve the broad bandwidth, the feed which is connected 
between the microstrip line and antenna is a trapezoidal shape with a tilted angle. By 
adjusting the width of the bottom and top side of a trapezoidal feed, the broad bandwidth can 
be achieved. 
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Shao Lun Chien et al. [30] proposed a Planar Inverted-F Antenna with a hollow shorting 
cylinder for internal mobile phone antenna applications. 
Fa  Shian  Chang  et  al. [31]  presented  a  folded  meandered-patch monopole antenna for 
triple-band operation. The proposed antenna is suitable for applications in mobile phones for 
GSM, DCS and PCS triple- band operations. 
An internal GSM/DCS antenna backed by a step-shaped ground plane for a PDA Phone was 
proposed by K.L. Wong et al. [32]. The antenna has two radiating strips designed to 
operate at  about  900 and  1800MHz  for GSM/DCS operation, and is backed by a step-shaped 
ground plane. 
Zi Dong Liu et al. [33] presented a dual frequency planar inverted-F antenna which operates at 
0.9GHz and 1.8GHz bands. In this paper two configurations of dual band antennas are 
proposed. The antenna with two input ports and single-port are described.  The two port 
antenna consists of two separate radiating elements with the rectangular radiating element for 
1.8 GHz and the L-shaped radiating element for 0.9 GHz. 
Raj et al. [34] presented a compact planar multiband antenna for GPS, DCS, 2.4/5.8 GHz 
WLAN applications. Antenna has two longer arms on either side separated by a short middle 
element. A simple 50Ω probe is used to excite the  antenna. A  metallic  patch  is  embedded  on  
the  bottom  side  of  the substrate, which acts as a reflector and controls the impedance 
matching.  
Deepu et al. [35] presented a compact uniplanar antenna for WLAN applications. The dual-
band antenna is obtained by modifying one of the lateral strips of a slot line, thereby 
producing two different current paths. The antenna resonates with two bands from 2.2 to 2.52 
GHz and from 5 to10 GHz with good matching, good radiation characteristics and 
moderate gain. 
Deepti  Das  Krishna  et  al.  [36]  proposed  an  ultra-wideband  slot antenna for wireless USB 
dongle applications. The design comprises a near- rectangular slot fed by a coplanar waveguide 
printed on a PCB of width 20 mm. The proposed design has a large bandwidth covering the 3.1-
10.6 GHz UWB band and omnidirectional radiation patterns. 
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Bybi et al. [37] presented a quasi-omnidirectional antenna for modern wireless communication 
gadgets. The antenna has been derived from the conventional CPW by embedding a modified 
short, which results in an appreciable improvement in the impedance bandwidth while retaining 
an almost omnidirectional radiation behavior. 
A compact dual band planar antenna has been proposed by Gijo Augustin et al. [38]. It is a 
finite ground CPW fed, dual-band monopole configuration. The dual-band operation is 
achieved by loading the flared monopole antenna with a “V”-shaped sleeve. 
A dual wide-band CPW-fed modified Koch fractal printed slot antenna, suitable for WLAN and 
WiMAX operations is proposed by Krishna et al. [39] Here the operating frequency of a 
triangular slot antenna is lowered by the Koch iteration technique resulting in a compact antenna. 
Koch fractal slot antenna has an impedance bandwidth from 2.38-3.95GHz and 4.95–6.05GHz 
covering 2.4/5.2/5.8GHz WLAN bands and the 2.5/3.5/5.5 GHz WiMAX bands. 
Deepu et al. [40] presented an ACS fed printed F-shaped uniplanar antenna for dual band 
WLAN applications. Asymmetric coplanar strip is used as the feed for this uniplanar 
configuration. 
A  wide  band  printed  microstrip  antenna  has  been  proposed  for Wireless communications 
by Sarin et al. [41].  This is an electromagnetically  coupled  strip  loaded  slotted  broad  band  
microstrip  antenna having  38% impedance bandwidth. 
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2.7.2 Broad band /Multiband antennas 
 
In this section some of the works related to broadband and multiband antennas are 
presented. 
George  et al. [42]  presented  a  single-feed  dual  frequency  compact microstrip  
antenna with a shorting pin. This new antenna configuration gives a large variation 
in frequency ratio of the two operating frequencies, without increasing the overall size 
of the antenna. 
Liu et al [43] proposed a CPW-fed notched planar monopole antenna for multiband 
operations using a genetic algorithm. By introducing a suitable notch to a rectangular 
CPW-fed patch, the desired multi-frequency resonant modes and broad impedance 
bandwidths can be obtained. 
Kundukulam et al [44] presented a dual-frequency antenna arrived from a compact 
microstrip antenna by loading a pair of narrow slots close to its radiating edges. The 
two frequencies have parallel polarization planes and similar radiation 
characteristics. 
Puente  et  al. [45] proposed  a  fractal  multiband  antenna  based  on sierpinski 
gasket. In this the self-similarity properties of the antenna's fractal shape has been 
utilized for achieving the multiband behavior. 
Aanandan et al. [46] presented a broad band gap coupled microstrip antenna for broad 
band operation using parasitic elements. The antenna is compact and produces less 
distortion in the radiation pattern. 
The closed form expression for calculating the impedance bandwidth of a wide band 
printed dipole is proposed by S. Dey et al. [47] 
Mridula et al. [48] reported a broadband rectangular microstrip antenna utilizing an 
electromagnetically coupled L-strip feed. Experimental study shows a 2:1 VSWR 
bandwidth of ~10% and excellent cross-polarization performance with a radiation 
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coverage almost as same as that of the rectangular microstrip antenna fed by 
conventional methods. 
An electromagnetically coupled T-shaped microstrip feed to enhance the 
impedance bandwidth of a rectangular microstrip  antenna has been proposed by 
Lethakumary et al. [49]. 
Manju Paulson et al. [50] described an arrow-shaped microstrip antenna with a pair of 
narrow slots embedded near the non-radiating edges to provide wide impedance 
bandwidth. 
Lethakumary et al. [51] introduced a hook shaped feeding technique for bandwidth 
enhancement of a rectangular microstrip antenna. This antenna offers an impedance 
bandwidth of 22% without degrading the efficiency. 
Jacob et al. [52] proposed the development of a compact microstrip-fed, branched 
monopole antenna for ultra wide band  (UWB) applications. By suitably embedding 
branches on the top edge of the strip monopole, UWB response can be easily achieved 
by merging different resonances. 
Suma et al. [53] proposed a planar monopole antenna suitable for broadband  
wireless communication. With the use of a truncated  ground plane, the proposed 
printed monopole antenna offers nearly 60% 2:1 VSWR bandwidth and good radiation 
characteristics for the frequencies across the operating band. The antenna can be easily 
integrated into wireless circuitry and is convenient for application in laptop computers. 
A  novel  modified  T  shaped  planar  monopole  antenna  has  been proposed for 
multiband operation by Sheng Bing Chen et al. in [54]. In this paper, a  T-shaped  
planar  monopole  antenna  in  that  two  asymmetric horizontal strips are used as 
additional resonators to produce the lower and upper resonant modes are proposed. As  
a result, a dual-band antenna for covering 2.4 and 5-GHz wireless local area network 
(WLAN) bands is implemented. In order to cover simultaneously the DCS, PCS, and 
UMTS bands, the right horizontal strip has been widened and introduced an L- shaped 
notch in the right horizontal strip. 
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